Atmospheric pressure, Dense Medium Plasma (DMP) environments were employed to synthesize carbonhost, sole and hybrid, Magnetic-Nanoparticle Systems (MNS) and silicon and poly-halo-silane nanoparticles Systems (NPSs). Direct synthesis of functionalized NPSs and post-DMP functionalization of NPs are discussed. Plasma-enhanced partial fragmentation of low molecular weight hydrocarbons, (e.g. octane) is also presented. Advanced analytical tools were used to characterize the NPs. The design and the advantages of the original plasma tolls are evaluated. Potential importance for application of the NPSs is emphasized.
ion etching (RIE) 6, 7, 8 . Later the success of other methods were also demonstrated. Black silicon structures trap 50% more visible light than (highly reflective) regular silicon. Black silicon is also a strong field emitter; it can emit strong electron streams at low voltage values. The current technique is to use high power, femtosecond laser pulses for the generation on Si surface of uniformly displaced spike-shaped structures that forbid the light to come out, owing to the multiple reflections on the spike surfaces. However, laser processing only involves very small surface areas. This is the biggest drawback of the laser technique. Commercial solar cells made of silicon, are only about 40 to 50 percent efficient at converting light directly into electricity. Two photons involving mechanisms (black silicon structure) could lead to more efficient light harvesting. Plasma deposition technique might also be used for the synthesis of black silicon surfaces and silicon nanoparticles. The advantage of this approach could be that black silicon layers could be deposited onto large area, various substrate surfaces including, organic and inorganic transparent polymeric materials.
A combination of magnetic and electrical properties and the accessibility to chemical modification (functionalization) of particles due to their carbon-host structures open up significant ways for biotech applications. Vaccine strategies require efficient delivery of antigen to dendritic cells (DCs). DCs, are the only antigen presenting cells (APC) that play a central role in the initiation of immune responses by activating T cells and efficiently initiating a recall T cell responses. It has been suggested that the size of the immunizing antigen particles controls their interaction with specific APCs. Bacterial sized (> 1µm) uptake is favored by macrophages, while viral-sized (< 100 nm) are preferentially engulfed by DCs. Nanosized particles can easily migrate through the lymphatics to interact with dendritic Cells (DCs) incorporated into the lymph nodes. Targeting DCs as a method of vaccination is a route that has been gaining increased interest.
2.Method

Synthesis of carbon-host NPS.
The DMP reactors have been designed and developed at the Biological Systems Engineering and the Center for Plasma-Aided Manufacturing, University of Wisconsin, Madison, and successful technologies have already been developed involving the DMP approach. This plasma tool allows the initiation and sustaining of discharges in co-existing liquid/vapor medium and which may offer a significantly higher efficiency for the processing of liquid phase materials in comparison to common plasma technologies.
The reactor (Figure 1 and 2) 9 is composed of a cylindrical glass chamber (7) , provided with two stainless steel upper and bottom caps (9, 17) , and a cooling jacket (4) .
The rotating, cylindrical, stainless steel, upper electrode (19) is equipped with a quartz jacket for avoiding the penetration of the reaction media to the electrode sustaining central shaft and bearings. The upper electrode has a cylindrically shaped, cross section disc-end, which is terminated in an interchangeable ceramic/ metallic pin-array (8) and holder (23). The lower electrode is hollow, and has also an interchangeable conical cross section end-piece, and in addition it is provided with channels (25) for the re-circulation of the reaction media. Both the spirally located pinarray and the interchangeable metallic part of the lower electrode can be made of different metals, required by the specific plasma treatment. The distance between the pin-array and the lower electrode can be varied by a micrometric (thimble) screw system. The reactor is vacuum tight (copper gaskets sealings) and the rotation of the upper electrode is assured through magnetic coupling system (15, 18) The reactor can be operated in a batch-type or continuous flow mode, depending on the specific application. Reactive or inert gases can also be introduced into the reaction media during the plasma process, through the hollow, lower electrode. The rotation of the upper electrode is digitally controlled in the range of 0-5000 rpm. The plasma (multitude of spark discharges) can be initiated and sustained using adjustable and commercially available DC or AC power supplies. Although the actual mechanism for electron 514 emission and energy transport through the liquid is not well characterized at this time, the rotation of the electrode, and the spirally arranged pin-array system (which acts as a high current density field emission arc source) will generate under DC or AC voltage conditions, many micro discharges covering the whole area of the electrode surfaces.
Rotating the electrode serves several important purposes. The action spatially homogenizes the multiple micro-arcs, activating a larger effective volume of fluid. Spinning the electrode also simultaneously pumps fresh liquid and vapors into the discharge zone, and it thins the boundary layer between the emission tips and the bulk liquid. The DMP reactor also permits the passing through the reaction media of selected gases at controlled flow rate conditions. This opens up possibilities for the initiation of additional reaction pathways for the plasma-enhanced modification of liquid media, involving oxidation, reduction, halogenation, amination, etc., processes. The simultaneous presence of a gas environment contributes also to the homogenization of the reaction-system and enhances the micro-arcformation process owning to the lowered density of the media.
Several features distinguish this plasma tool from other plasma-technologies that have emerged in the past including:
• The system is vacuum tight, which allow the processing of toxic reaction mixtures; • The DMP reactor is operated under atmospheric pressure environments at very low electrical power; • Depending on the specific application the system can be run in batch-or continuousflow-system-type conditions; • The possibility of introduction into the reaction mileu of inert or reactive gases, and changing the electrode materials (e.g. tungsten, stainless steel, silver, etc.) conveniently for selected purposes, make the system extremely flexible for the processing of a large variety of liquid-phase materials in a wide experimental parameter range; • The characteristic spinning/multi-arc system significantly enhances the diffusion of plasma-generated active species into the bulk of the reaction media (vapor/liquid transport); • Due to the simultaneous presence of multitudes of micro-discharges, electromagnetic radiation (e.g. UV), selected gas environment, and of a very intense stirring of the reaction media the DMP system is significantly more efficient in comparison to conventional plasma tools, both for the oxidation and decomposition of organic liquids and dissolved organics in various liquid media.
• The DMP reactor can easily be scaled up to higher technological levels (shipboard capacities) due to its simple design, atmospheric pressure conditions under which it can be operated, using commercially available power supplies. The experimental parameter-range under which the synthesis of carbon-based NPs were synthesized are: DC voltage: 100-300V; Angular speed of the rotating electrode: 1000-5000 rpm; Vacuum -Tite atmospheric pressure environment; Reaction media: benzene or acetonitrile; Nature of the electrode-pins: iron or stainless steel; Cavitation gas: Argon; Flow rate of argon: 3-10 sscm; Temperature of the reaction media: 20-25 o C.
Surface amination, (decoration of NP surfaces with primary amine functionalities) was performed in a capacitively-coupled, 13.56 MHz RF rotating plasma too 10 (Figure3) . Compared to conventional plasma installations, including, for instance, parallel plate reactors etc. this system is designed for surface modification of powdery materials. The reactor is composed of a Pyrex glass chamber provided with two ferrofluidic feedthroughs on its ends, which assures the free rotation of the chamber and a good vacuum inside the reactor. The rotation of the plasma reactor can be digitally controlled. The plasma gases and vapors are supplied into the reactor through stainless steel containers provide with a mixing chamber, needle valve systems and flow controllers. The vacuum in the reactor is sustained by a mechanical vacuum pump that is attached to the rotating reactor and to a liquid nitrogen trap. The trap also allows to colect plasma-generated compounds for diagnostic purposes. A specially designed quartz window is attached to the end of the reactor, allowing an optical-fiber detector to peer through it for actinometry analysis. Figure 3 . The plasma reactor used for surface functionalization of CMNP 1-data collection system for actinometry; 2-optical fiber detector; 3-quartz window; 4-MKS vacuum gauge; 5plasma power; 6-Pyrex glass chamber; 7-upper electrode; 8,9-valves; 10-metallic chemical reservoirs; 11-flow meters; 12-needle valves; 13-mixing reservoir; 14-coupling belt; 15-electric motor and digital controller; 16-ferrofluid sealing; 17-lower electrode; 18-vacuum pump; 19-liquid nitrogen trap . The experimental parameters employed during a typical surface functionalization process are as follows: Substrate: 400 g MNPs , initial plasma-gas (for cleaning purposes): Argon; Reactive gas: ethylene diamine (ED); Base pressure: 60=70 mTorr; Argon pressure in the absence of plasma: 200 mTorr; RF power dissipated to the electrode: 200 W RF-13.56 MHz); Treatment time: 10 minutes. The existence of primary amine functionalities resulting from the ED-plasma exposure was verified by fluorescamine labeling technique.
In order to carry out the doxorubicin immobilization onto NP-NH 2 surfaces the primary amine groups were first converted into aldehyde functionalities 10 ( Figure 4 ). In slightly alkaline conditions, aldehydes and ketones react with primary amine groups 11, 12 . The aldehyde groups located on the surfaces of the NPs can react in the next step with the primary amine groups of the doxorubicin molecules. The in vitro antiproliferative activity of NP-immobilized doxorubicin was demonstrated in tumor cell cytotoxicity assays. Functionalized, acetonitrile-based NPs (Avidin-FITC-decorated NPs; FITC stands for Flurescein isothiocyanate a derivative of fluorescein molecule that reacts with nucleophiles like amine and sulfhydril groups on proteins) were tested in vitro and in vivo for biological activities 13, 14 . The interaction of conjugates with DCs, their biocompatibility, and their magnetic-fieldcontrolled targeted delivery were carried out in vivo, were evaluated. All in vitro and in vivo immunology related investigations were performed out in the laboratories of Professors Matyas Sandor and Zsuzsanna Fabry from the Department of Pathology and Laboratory Science Medical School, University of Wisconsin, Madison.
Plasma-enhanced modification of low molecular weight hydrocarbons.
In this research an original atmosphericpressure-plasma approach is described that allows an efficient modification of gasoline composition used in combustion engines. The uniqueness of the novel technology is based on the generation of plasma state in individual bubbles (e.g. air bubbles, exhaust-gas bubbles, and iert gas bules) dispersed in dielectric liquid media (e.g. gasoline).
The scientific literature contains many examples of the use of plasmas to modify hydrocarbons.
For example: Parallel-plate, alternating current (AC), AP, high voltage discharge installation has been used for the production of light hydrocarbon olefins from heavy oil 16 . It has been shown that the reactions occurring during the plasma-processing of heavy oil lead to the formation of C1-C4 hydrocarbons with ethylene as the main component, and with efficiencies as high as 70 µl/J. C-4 hydrocarbon gases and other gaseous compounds resulting from refinery processes, were converted in the presence of CO 2 into high-octane components 16 in plasma environments by employing an annular-gap discharge reactor. The reactor accommodates an inner annular electrode and a second outer annular electrode, in which a dielectric material surrounds the inner electrode and a zeolite or zeolite-type catalyst located between the dielectric material and the outer second electrode. The reactions are carried out typically at 0.1-10 bars and temperatures lower than 200 o C, under a gaseous feedstock-CO 2 flow of 0.01-10 m 3 /hm 2 electrode area. It was demonstrated that starting from synthesis gas, high-octane gasoline compounds are produced. Hydrogenenriched hydrocarbons were produced from Otto and Diesel fuels and natural gas using nonequilibrium plasmatron fuel converters, plasmareformer and fuel-cell system [17] [18] [19] [20] [21] . The importance of plasma-enhanced technology for the achievement of higher engine efficiency and reduction of NO x content in exhaust gases are discussed. The low temperature plasma environment was considered for the pyrolysis of CH 4 into C 2 H 2 and C 2 H 4 23 . The reaction kinetics and the efficiency of plasma-aided conversion of methane were investigated and the experimental data were compared to theoretical evaluations. The importance of hydrogen for avoiding soot formation was emphasized.
It is noteworthy that there is no information in the scientific literature to our knowledge related to the generation of non-equilibrium plasma in individual gas cavities (bubbles) dispersed in dielectric liquid media. This plasma approach opens up a very efficient novel way for plasma processing of dielectric liquid-phase materials by controlling the size, bubble densities, and the nature of plasma gases in addition to the processing plasma parameters.
In this report an original AP plasma installation is described, which allows the initiation and sustaining of discharge in gas/vapor bubbles dispersed in dielectric media, and the plasmachemistry developed at argon/octane and argon/isooctane gas/vapor / liquid inter-phase is discussed.
The original plasma tool and technology have the following characteristics:
• Possibility of direct incorporation of plasma reactor in the fuel-injection line of combusting engines; • The plasma is generated in individual gas/vapor bubbles dispersed in gasoline present in the plasma reactor or present in a plasma reactor that also incorporates particulate or porous ceramic filling; • The plasma-reactor does not involve in its construction moving parts; • The plasma-state is initiated and sustained using a custom-made, low-energyconsumption power supply built from autoignition-system components;
• The low-dimensions, cylindrical-shape (OD: 2-6 cm; length: 30-60 cm) and light weight (less than 1 pound) plasma reactor, having a robust structure (it is manufactured using metal and ceramic components), will excellently stand temperature changes and mechanical vibrations. The authors envisage, that this reactor configuration and the related plasma chemistry will permit the modification of gasoline in a continuousflow-system mode, that will result in the generation in the gasoline composition, depending on plasma parameters, of more volatile (lower molecular weight) hydrocarbon components (e.g. ethylene, acetylene, etc.) and hydrogen, and volatile oxygencontaining compounds (such as ether, peroxides, etc.). It is assumed that the modified gasoline composition will significantly increase the burning efficiency in combustion engines that ultimately would translate into reduced fuel consumption. A more efficient burning of the plasma-treated gasoline, probably also will result in a less toxic exhaust-gas generation.
It should be mentioned that a laboratory-scale prototype that was designed and developed for modification of dielectric liquids was constructed at the Center for Plasma-Aided Manufacturing (C-PAM)/ Biological Systems Engineering (BSE), University of Wisconsin-Madison laboratories.
The diagram of the reactor and the experimental parameter space used for the plasma-enhanced fragmentation of octane and i-octane are presented in Figures 5 and 6.
DMP-synthesis of silicon nanoparticles.
A novel, submerged arc (DMP) atmospheric pressure plasma reactor was designed and tested for the synthesis of inorganic nanoparticles. This reactor configuration allows the efficient generation of discharge in the liquid/vapor media using high voltage and high frequency electric field and the synthesis of nanoparticle systems. This "tubular" reactor has the following advantages relative to the conventional DC-DMP reactor:
• The system does not include any rotating parts, glass to metal welded joints, rubber (e.g. silicon rubber) or metal sealing rings, 518 special bearings exposed to the reaction medium that might not resist to the exposure to corrosive environments, and magnetic coupling assembly for rotating (required for electrode gyration) one of the electrodes; • It is composed of a robust interchangeable electrode and ceramic insulation system and a co-cylindrical cavitation gas channel. The specially designed electrodes and the gas channel direct the multitudes of gas/vapor bubbles into the volume located between the electrodes (plasma zone); • The larger glass part of the reactor is provided at its bottom end with a smaller diameter cylindrical part that allows the attachment of strong tubular magnets for the enhancement of the separation of magnetic nanoparticles. Preliminary results indicate that nanoparticle systems can be synthesized both from inorganic (e.g. SiCl 4, GeCl 4 ) and organic (benzene, ethanol) liquid precursor materials.
The reactor (Figure 7) is composed of a ceramic (11) and stainless steel tubular gas channel and electrodes-holder assembly (11, 8, 13, 16 ) that accommodates the removable (interchangeable) electrodes (14, 16) . Both the stainless steel electrode-holder and the electrodes are threaded that permit their easy removal for cleaning purposes and the selection of the required gap between the electrodes. The stressed (16) and the grounded (14) electrodes confine also a gap (18, 19) between them and the tubular ceramic insulator (11) . This allows it to avoid the exposure of the ceramic tube to the discharge (arclets) and its erosion during the plasma process. The cavitation gas (e.g. argon; air, etc.) is introduced into the discharge zone through a narrow gap located between the axial stainless steel electrode holder (8) and the ceramic tube (11) The gas bubbles arise at the exit of the cavitation gas at the lower end of the ceramic tube and are dispersed into the gap-volume located between the removable electrodes. This electrode/gap configuration assures good cavitation and as a result, a fast transfer of the discharge (multiple arclet system) to various locations of the ring-shaped electrode surfaces. Due to the good cavitation in the liquid media the rotation of the electrodes is not required. This simplifies substantially both the reactor design and the plasma process. The reactor is also provided with gas sealing systems (9,10, 1, 2,3) ,however, the rubber o-rings are not exposed to the liquid media or to the discharge. The interchangeable electrode configuration permits the use of selected metal electrode-materiasl including, stainless steel, iron, nickel, titanium, copper, etc. depending on the desired nature of the hybrid nanoparticles to be synthesized. As a result, the system allows the incorporation of small amounts of non-magnetid and magnetic particles into the nascent nanocarbon-particles. In this case an efficient removal of metal particles. The latest can be efficiently separated by using magnets exterior magnets (6) . The plasma is generated at atmospheric pressure in the selected liquid medium using a custom made power supply (10 KV and 1-10 KHz and the cavitation gas flow rates are controlled by a MKS flow-controller.
Experiment and Plasma Parameters: In a typical experiment, benzene, SiCl 4 ,GeCl 4 etc., (5) is introduced into the glass chamber (4) then the gas flow is started at a pre-selected flow rate to degas the liquid medium and to generate the bubbles for cavitation. In the next step the power is dissipated to the electrodes and the discharge is initiated and sustained for the desired time period. At the end of the plasma process the glass container part of the reactor is removed and liquid phase reaction product containing the nanoparticles and intermediate compounds is processed for the separation of nanoparticles using centrifugation/washing cycles (Dichloro methane was used as washing liquid). Both the nanoparticles and the supernatant were analyzed using IR, ESCA, SEM and AFM. The following experimental parameter space is used during the synthesis of the nanoparticles: gas flow rate 2-10 sscm, AC voltage: 10-20 kV, frequency of the driving field: 100-1000 kHz, reaction time: 0.5-10 minutes, volume of the liquid medium to be processed: 2-10 mL It should be mentioned that a wider parameter range including reaction time and volume of the liquid to be processed can conveniently be selected for specific applications.
Testing the interaction of Magnetic, carbonbased NPs in vitro and in vivo systems for potential biotech (vaccine) applications.
Functionalized, acetonitrile-based NPs (Avidin-FITC-decorated NPs; FITC stands for Flurescein isothiocyanate a derivative of fluorescein molecule that reacts with nucleophiles like amine and sulfhydril groups on proteins) were tested in vitro and in vivo for biological activities 13, 14 .
Results
Synthesis of carbo-host NPs.
Using our Dense Medium Plasma (DMP) technologies and plasma reactors provided with iron electrodes, C and C/N based uniformly sized (40-80nm) hybrid iron and iron oxide containing magnetic nanoparticles (CMNP) were synthesized by starting from benzene and acetonitrile 9 . Based on results from electron spectroscopy for chemical analysis (Figure 8 A&B) , Fourier transform IR spectroscopy, Raman spectroscopy, atomic force microscopy and scanning electron microscopy ( Figure 9 ) it was shown that the nanoparticles are composed of graphitic carbon or graphitic carbon containing nitrogen atoms host structures embedded with small amounts of iron and iron oxide. Thermal gravimetry/differential thermal gravimetry analysis indicates that these particles are stable up to temperatures as high as 600 o C (Figure 10 ). Ferromagnetic resonance spectroscopy (FMR) ( Figure 11) and extended x-ray absorption fine structure spectroscopy suggest that most of the FMR signal of the graphitic host structures is related to metallic Fe. Magnetite and maghemite is also present in the structure of the metallic particles.
It was also demonstrated that part of the nitrogen atoms included into the acetonitrile-based structures are in the form of primary amine functionalities ( Figure 12 ) that is very important structural characteristic for the development of post-plasma functionalization processes (e.g. antigen conjugation) 10 .
The free in vitro antiproliferative activity of immobilized doxorubicin in the conjugates was demonstrated in tumor cell cytotoxicity assays ( Figure 13 ). I t is also suggested that this carbon magnetic NP systems can be used for dru-delivery processes. biocompatibility. In this presentation based on "in vitro" and "in vivo" experimental data 13, 14, 15 (Figures 14,15,16 ), the potential use of functionalized plasma-nanoparticles in future immunotherapy applications is also discussed .
3.2. Plasma-enhance modification of low molecular weight hydrocarbons.
As it was stated earlier, the uniqueness of the novel technology is based on the generation of plasma state in individual gas bubbles (e.g. air, argon or bubbles of exhaust-gases resulting from combustion engines) dispersed in dielectric liquid media (e.g. gasoline). This method was developed for the first time at BSE and C-PAM, University of Wisconsin, Madison. Magnetic Resonance Intensity Figure 11 . Ferromagnetic resonance spectroscopy confirms the magnetism of CMNP. It also suggests that this magnetism is due to metallic iron; some magnetite or maghemite might also be present. Results from plasma-modification experiments of octane and isooctane using argon and air as cavitation gases and stating operation mode allow us to draw the following :
• Both liquid phase octane and isooctane exposed to argon-plasma environments generated lower molecular weight hydrocarbons;
• The octane-based species were linear in nature ( Figure 17 ) while the isooctaneorigin compounds were branched structures ( Figure 18 ); • Based on the unsaturated nature of the plasma-synthesized species it was concluded that also a significant amount hydrogen was generated; • 2 minutes plasma-treatment-time conversion rates in the gas-phase samples relative to octane were between 0.5 to 1.5 % and 1 to 2.5 relative to isooctane.
• Conversion rates relative to the liquidphase samples were 3 to 3.5 % for octane and 3.5 to 5 % for isooctane. • Experiments using air as cavitation gas resulted in similar conversion percentages. The presence of oxygen-containing compounds in the modified samples was also identified. • It was demonstrated that isooctane is fractionated easier relative to octane in all plasma environment. 
Discussion
Atmospheric-pressure-plasma, DMP tools designed and developed ay C-PAM and BSE Laboratories, open up novel ways for the synthesis of organic, inorganic, hybrid and magnetic NP systems with potential applications in advanced future , high efficiency technologies. The results of our experiments demonstrate that uniformly sized Carbon-host, NPs can conveniently be synthesized that could be the subjects of plasma-enhanced or conventional chemistry methods to be surface functionalized for specific microelectronic, optical or biotech applications. It is noteworthy, that this synthetic approach generates significantly larger amounts of NPs in comparison to other technologies, such as laser ablation methods etc.. Modification of liquid-phase materials, including organic or inorganic low or high molecular weight compounds represent a totally novel area in the modification of these compounds and in the creation of chemical compositions (e.g. generation of high volatility hydrocarbons of polyhalosylanes etc.) that could not be achieved using conventional "good old organic and polymer chemistry" approaches.
Because of the atmospheric pressure conditions that are involved in these technologies, large scale applications, economic benefits, and safer productivity environments will make these potential future technologies more attractive.
Conclusion
Original DMP plasma tools were designed at developed at C-PAM and BSE, UW; The efficient synthesis of sole, hybrid and magnetic NPS was demonstrated; The importance of DMP-induced modification of gasoline and gasoline-based components for development of more efficient combustion 0.50 1.00 1.50 2.00 2.50 3.00 3. 
